Significant effort has been made to understand user motivation and to elicit user participation in crowdsourcing systems. However, incentive engineering, i.e., designing incentives that can purposefully motivate users, is still an open question and remains one of the key challenges of crowdsourcing initiatives. In this work in progress, we propose a general and systematic incentive engineering framework that system designers can use to implement appropriate incentives in order to effect desirable user behaviours.
Introduction
In crowdsourcing applications, motivating the crowd plays a crucial role in ensuring the success of the systems (Hossain 2012) . This is because the crowd is the key component that creates value in any crowdsourcing system. Specifically, most systems depend critically on large numbers of tasks being performed by the members of its crowd. However, motivating the crowd is also one of the most challenging issues facing crowdsourcing initiatives. Furthermore, it needs to be addressed throughout the life cycle of the initiative, from first attracting a crowd to the system, then encouraging their first contribution, to keeping them engaged in the longer term (Simula 2013) .
To achieve this, system designers can provide a wide range of incentive mechanisms. These have the potential to enhance the users' existing motivations and thereby to align their behaviour with the system designers' goals. There is a significant body of research about user motivations, incentive mechanisms, as well as user behaviours in crowdsourcing (Kaufmann et al. 2011; Scekic et al. 2013, Mason and Watts 2010) . However, existing work typically focuses on the motivations of users in specific systems, considers specific incentives, or specific behaviours of the crowd. In order to deliver appropriate incentives, many related aspects of the problem (i.e., behaviours, motivations, and incentives) should be considered. Hence, there is need for a more complete approach that covers all necessary aspects in every crowdsourcing system. This will help give system designers an overall view about the incentive problem and its available solutions so that they can make appropriate choices (i.e., incentive mechanisms) over different time periods of their systems. Some research has already started to address the problem more broadly by building models or frameworks that cover many cases or that can be used in many systems (Allahbakhsh et al. 2013; Tokarchuk et al. 2012) . However, these studies do not provide a clear process to be used in each stage of the life cycle of real systems. Hence, designers need to have a systematic approach to the incentive problem that can help them come up with reasonable incentives by following concrete steps in the analysis and design process.
To meet these requirements, we have built a novel incentive engineering framework, which provides a complete and systematic approach to delivering appropriate incentives to motivate contributors and align their behaviours in a way that is beneficial to the systems. In the next section, we briefly introduce our incentive engineering framework. Full details of the framework and its usage are presented at http://i-crowdsourcing.com.
Incentive Engineering Framework
Based on the above-mentioned idea about the connections between user behaviours, user motivations and incentive mechanisms, we have designed the following structure of the framework (Figure 1 ) with three dimensions (corresponding to these three concepts): population aspects (population for short), design objectives, and actions. The connections between these dimensions are called action-design objective connections (or AO connections) and design objectivepopulation connections (or OP connections). Regarding the population aspects, we adapted three important processes associated with human motivation from Arnold et al. (2010) (i.e., direction, persistence, and inten-sity) as three aspects: activation (the extent to which new users join the system), persistence (the extent to which users perform tasks regularly or intensively), and quality (how well users perform tasks). Additionally, one dominant issue in crowdsourcing is malicious workers and spammers, that can decrease quality and hence affect the success of the whole system. We put this as the fourth aspects: compliance (the extent to which users comply with system regulations and rules). And finally, from the workers' perspective, the first tasks are usually unfamiliar and more difficult than others. Therefore, completing these tasks is particularly challenging, but then future tasks are significantly easier. Therefore, we added contribution (the extent to which users conduct the first tasks after becoming members of the system) as an important aspect.
Regarding the design objectives, based on motivation theories, we have identified over twenty system characteristics that have a significant influence on user motivation so that they can be used to align user behaviours effectively. These characteristics are grouped into three categories corresponding to three sources of motivation: crowd (related to size, structure and interaction of the worker community), task (related to designing tasks) and system (related to the platform and system goals). For example, task autonomy (a design objective in group task) is the extent to which the system provides freedom to workers in choosing and performing tasks.
And finally, we have collected from the literature of economics, psychology, sociology, etc. over twenty actions that designers can consider to use to align user behaviours effectively. These actions are grouped into five categories: members (related to individual workers or groups of them), tasks (related to designing and delivering tasks), evaluations (related to assessment methods of user performance), rewards & punishments (related to rewarding or punishing based on user activities) and platform (related to features provided by the system). For example, using relative evaluation (belonging to group evaluation) is an action whereby the system evaluates the performance of users based on comparing their work with that of others in a specified group. Due to restricted space, these design objectives and actions cannot be described here but can be found on our website. Table   Based on this three-dimensional structure, a table (called   incentive table) was built to aid the analysis process in a visual manner. It displays dimension items 1 and their connections in a double-table structure. An abstract illustration of the general structure is shown in Figure 2 . The left table (OP table) has population aspects as columns and design objectives as rows. Similarly, columns of the right table (AO  table) are specific actions that designers can use to regulate design objectives on the rows.
Between two dimension items, there can be a connection (AO or OP connection) or not. These connections can be positive or negative (shown as plus or minus signs). For example, design objective task autonomy has a positive effect on population aspect persistence. That means contributors will be motivated to perform tasks regularly when they have enough freedom to choose and perform tasks. There is evidence in the literature to support the existence of some relationships. For example, Chen et al. (2011) support the positive effect of design objective task clarity on population aspect quality by demonstrating that clear and well-designed task instructions improve performance results significantly. These are shown as shaded cells. However, some others are currently left as hypotheses and these are shown as unshaded cells.
Usage of the Framework
Users of the framework can be system designers (in building and maintaining their systems) or researchers (in understanding connections between dimension items, i.e., AO/OP connections). The table can be used in two different ways: backward (to understand user behaviours with current incentive mechanisms) and forward (to deliver new appropriate incentives after understanding reasons for user activities and wanting to improve some of these behaviours).
The backward process starts from established actions, goes backward to see what system characteristics (i.e., design objectives) are affected by these actions, then continues to go backward to comprehend the total effects of these characteristics on the population. Hence, going backward can help designers identify problematic population aspects and the reasons. The forward process starts from the population aspects that need to be enhanced, goes forward to choose what design objectives need to be focused on to influence on these aspects, and then continues going forward towards the AO table to decide what actions need to be changed so that they can achieve the desired outcomes on target design objectives. Therefore, going forward can help designers introduce new incentives to improve certain behaviours of users.
Conclusion
To deliver appropriate incentives to align user behaviours, we need to consider a broad range of available mechanisms and their effects on user motivation. Our framework provides a general approach for this incentive problem. As future work, we aim to increase the framework's applicability by investigating the connections between some of key dimension items, i.e., AO and OP connections, in more detail.
